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ABSTRACT 

A project was designed to investigate the effect of extraction solvents on phytochemical extraction of plants endemic to 
the desert habitat of Cholistan Desert, Pakistan. In this study four types of solvents Chloroform, Acetone, Propanol, and 
Acetic acid were used to examine total antioxidant activity contents, total flavonoid contents, and total tannin contents. 
Plants typically of the desert area were selected. Keeping in view the similar age of plant and their parts the specimens 
were collected with three replicates of each. Specimens after proper identification and labeling were processed for 
extraction. Results showed that extraction solvents had significant differences for extraction of total antioxidant activity 
contents, total flavonoid contents, and total tannin contents. Acetone showed maximum total antioxidant activity contents 
and Chloroform showed maximum total flavonoid contents. Minimum total antioxidant activity contents and total 
flavonoid contents were measured by extraction in Acetic acid. Maximum total tannin contents were measured by solvent 
Propanol.  
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INTRODUCTION 

The plants growing in deserted soils are rich in phenolic 

acids, flavonoids, and tannins [1, 2] because desert plants 

have to face all types of abiotic stresses like high 

temperature, light, salts concentration, and water shortage. 

These stresses produce reactive oxygen species which have 

damaging effects to plants in response to which plant 

produce defensive chemicals like antioxidants phenolic 

acids and flavonoids, tannins for their defense [1]. In 

plants, naturally occurring antioxidants are of two types 1) 

enzymatic antioxidants include superoxide dismutases, 

catalases, peroxidases, etc 2) Non-enzymatic antioxidants 

include Alkaloids, phenols, flavonoids, tannic acids, etc. 

Both of these play an important role as natural antioxidants 

[3]. This also disturbs the survival of different plants and 

crops [4]. Ingestion of bioactive compounds containing 

food has the potential of antioxidants and can control 

human diseases such as heart diseases and cancer [5, 6].  

Plants have been reported as a source of product effective 

for the treatment of many other diseases [7, 8]. Plant-

derived medicines have an advantage over synthetic 

medicines due to having a low toxicity [9]. Also, the 

diversity of plant secondary metabolites that result from 

plant evolution is superior to that found in synthetic drugs. 

Despite a wide historical background, there are only a few 

plants that have been studied for their drug potential. The 

medicinal potential of the plants can be assessed by the 

chemical agents they possess which may alter their certain 

physiologic effects in the body of humans. Some of the 

most important of these constituents of plants are terpenes, 

alkaloids, flavonoids, and phenolic compounds. A variety 
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of plants contain different phytochemicals that can be of 

therapeutic value [10].  

The plants are a potential source of many drugs and in 

recent years there has been an increasing trend about the 

use and importance of medicinal plants. Medicines 

obtained from the plants are less expensive, safer, and 

rarely have side effects. The plants have been selected for 

medicinal use over thousands of years for various drugs 

such as anticancer drugs [11] and antimicrobial drugs [12]. 

However, medicinal plants should be investigated to better 

understand their properties, safety, and efficiency [13]. 

MATERIALS AND METHODS 

Plant sample collections 

After a preliminary survey of Cholistan desert, fresh shoot 

specimens were collected and identification of the plants 

was performed by matching them with the labeled 

herbarium exsiccates lying in the departmental herbarium 

(Dr.Mumtaz Bukhari herbarium) of Botany Department 

Bahauddine Zakarya University, Multan Pakistan and/or 

the literature [14]. Data and specimens were collected 

according to an appropriate methodology [15, 16] keeping 

uniformity among the age of plants, size of plants, and size 

of dunes. Further processing of collected specimens was 

carried out in the laboratory of the department. The 

specimens were first washed with water and later with 2% 

Ethanol to remove dust and other surface contaminants, 

dried at room temperature and were pulverized to a fine 

powder by using pestle and mortar. 

Extraction 

For the extraction, 50.0 gm plant powder was taken in flask 

then 300 ml of each solvent was poured. All the flasks were 

cotton plugged to prevent solvent from evaporation. The 

flasks were placed on an orbital shaker. Then left the 

shaker for the whole night to obtain a good quality extract. 

After that the flasks were removed from the shaker and the 

extract transferred to clean bottles carefully. The extract 

was stored on - 4 oC.  

Determination of total antioxidant activity  

By using the method of Govindarajan [17] and Subhasree 

et al., [18]. The extracted material was used to a solvent 

dilution after that 0.2 ml was taken from that diluted 

extract. In a plastic tube 1.8 ml of Phosphomolybdate 

reagent (0.6 M Sulfuric acid, 4.0 mM Ammonium 

molybdate and 28 mM Sodium phosphate) and 0.2 ml 

diluted extract mixed well at 90 oC for 90 minutes in a 

water bath. Total antioxidant activity was measured by 

using a Hitachi U-2900 spectrometer, the absorbance was 

taken at 695 nm. The calibration curve was prepared using 

Ascorbic acid (5-60 mg/ml) as the standard.  

Determination of total flavonoids contents 

By using Aluminum Chloride Method [19], Total 

flavonoid content was estimated. The sample was diluted 

with a solvent. 0.5 ml extract, 0.1 ml of 10% (w/v) 

Aluminum chloride solution, 0.1 ml of 0.1 mM Potassium 

acetate solution and extract was then mixed. The whole 

solution was placed at room temperature. The mixture 

solution was kept at room temperature for 25 minutes. 

Then by using a Hitachi U-2900 spectrophotometer, the 

absorbance of the sample was recorded at 415 nm. The 

calibration curve was made using Quercetin (0-100 

mg/ml). 

Determination of total tannin contents 

Tannins can be documented in plants by Swain’s method 
[20]. In a flask, 1.0 ml of sample extract and added 20 ml 

water to dilute it and followed it by 2.5 ml of Folin Denis 

reagent and 10 ml Na2CO3 mixed well and allowed to stand 

it at room temperature. After 20 minutes of bluish-green 

color appeared which indicates the presence of tannins. 

Standard solutions of tannic acid ranging from 0-10 ppm 

were used for the calibration curve. The absorbance was 

read at 760 nm by using Hitachi U-2900 spectrophotometer 

after color development. 

Statistical analysis of data 

One way ANOVA and least significant differences (LSD) 

were calculated by using COSTAT at p= 0.05 for all tests 

[21]. Data were interpreted as mean values and standard 

deviation (± SD). 

RESULTS 

Total antioxidant activity contents (mg/10g)  

The solvent, Acetone showed maximum (1472.752 

mg/10g) while Acetic acid showed minimum (150.323 

mg/10g) results for total antioxidant activity contents. 

Propanol showed maximum (729.030 mg/10g) and 

Chloroform showed minimum (464.102 mg/10g) mean 

values but their differences are significant. All four 

solvents have significant effects on plants in total 

antioxidant activity contents. Every solvent has shown 

different behavior for different plants (Table 1b). In a 

solvent Acetone maximum (2148.502 mg/10g) yield was 

given in Calligonum polygonoides but minimum (613.3 

mg/10g) yield was given in Calotropis procera. In a 

solvent Chloroform maximum (931.352 mg/10g) yield was 

found in Calligonum polygonoides while minimum (0.188 

mg/10g) yield was found in Haloxylon stocksii and they 

have a highly significant difference. 

 In a solvent Propanol, maximum (888.376 mg/10g) total 

antioxidant activity contents were measured in Calotropis 

procera but minimum (621.308 mg/10g) total antioxidant 

activity contents were measured in Haloxylon stocksii. In 

Acetic acid the maximum (179.487 mg/10g) values were 
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given in Salsola imbricata while minimum (12.9051 

mg/10g) values were given in Calotropis procera.   

The total antioxidant activity contents in plants, maximum 

(959.776 mg/10g) mean value was found in Calligonum 

polygonoides and minimum (522.982 mg/10g) mean value 

was found in Calotropis procera. Leptadenia pyrotechnica 

showed mean value as (671.452 mg/10g), Haloxylon 

stocksii showed minimum (535.482 mg/10g) mean value 

while Salsola imbricata showed maximum (830.191 

mg/10g) mean values. Both plants have strongly different 

behaviors. Haloxylon stocksii showed a percentage 

difference of 591.70% and Calotropis procera showed a 

significant percentage difference of 593.56% for total 

antioxidant activity contents between them (Table 1). 

Total flavonoid contents (mg/10g) 

Maximum and minimum mean values for the effects of 

solvents on flavonoid contents showed by Chloroform 

(882.887 mg/10g) and Acetic acid (122.108 mg/10g). The 

maximum (304.133 mg/10g) value was found by solvent 

Acetone but minimum (244.915 mg/10g) value was found 

by solvent Propanol for flavonoid extraction and 

statistically, all solvents showed significant difference. By 

using the value of solvent Chloroform as standard value the 

percentage difference was taken. The solvents Acetone and 

Propanol have a 6.71% difference between them. The 

percentage difference is 13.91% between Propanol and 

Acetic acid.  

In a solvent Chloroform, the maximum (2096.922 mg/10g) 

value for total flavonoid contents was measured in 

Leptadenia pyrotechnica and the minimum (389.731 

mg/10g) values were measured in Calotropis procera. 

Both Salsola imbricata and Haloxylon stocksii showed the 

same value (632.611 mg/10g) for total flavonoid contents. 

They both shrubs showed highly non-significant 

behaviors. Calligonum polygonoides showed the value 

(662.559 mg/10g). In Acetone minimum (144.363 

mg/10g) quantity of total flavonoid contents was found in 

Calotropis procera but maximum (441.130 mg/10g) 

quantity of total flavonoid contents was found in 

Haloxylon stocksii. In a solvent Propanol the difference of 

plants in terms of total flavonoid contents was maximum 

(350.926 mg/10g) in Calligonum polygonoides but 

minimum (111.338 mg/10g) were measured in Leptadenia 

pyrotechnica. In Acetic acid the total flavonoid contents 

were found maximum (153.33 mg/10g) in Calotropis 

procera but the total flavonoid contents were found 

minimum (77.703 mg/10g) in Calligonum polygonoides.  

The plants Leptadaenia pyrotechnica showed maximum 

(644.366 mg/10g) mean value while Calotropis procera 

showed minimum (239.674 mg/10g) mean value for total 

flavonoid contents. The total flavonoid contents mean 

value were measured maximum (346.615 mg/10g) in 

Calligonum polygonoides and minimum (367.851 mg/10g) 

in Salsola imbricata (Table 2). 

Total tannins contents (mg/10g) 

Extraction solvent Acetic acid showed maximum (125.701 

mg/10g) and Propanol showed minimum (55.474 mg/10g) 

mean values. Acetone showed maximum (111.491 

mg/10g) while Chloroform showed minimum (85.837 

mg/10g) mean values. Total tannins contents were 

measured maximum (91.741 mg/10g) in Calligonum 

polygonoides and minimum (90.054 mg/10g) tannins were 

measured by Salsola imbricata. Calotropis procera 

showed (89.063 mg/10g). 

The maximum (116.925 mg/10g) value was shown in 

Leptadenia pyrotechnica and a minimum (85.346 mg/10g) 

value was shown in Haloxylon stocksii. Maximum (91.741 

mg/10g) quantity of total tannins contents was found in 

Calligonum polygonoides and a minimum (90.054 

mg/10g) quantity was found in Salsola imbricata. 

Calotropis procera showed the mean value of (89.063 

mg/10g).  

In a solvent Chloroform maximum (90.482 mg/10g) total 

tannins contents were measured in Calligonum 

polygonoides and minimum (82.284 mg/10g) were 

measured in Haloxylon stocksii. In a solvent Acetone the 

maximum (127.888 mg/10g) value was found in 

Leptadenia pyrotechnica and a minimum (107.733 

mg/10g) was found in Salsola imbricata. In a solvent 

Propanol minimum (49.952 mg/10g) quantity of total 

tannins contents were measured in Leptadenia 

pyrotechnica and maximum (76.853 mg/10g) quantity was 

measured in Haloxylon stocksii. In a solvent Acetic acid 

the maximum (172.808 mg/10g) value was found in 

Leptadenia pyrotechnica and minimum (101.072 mg/10g) 

were found in Haloxylon stocksii (Table 3).  

DISCUSSION 

The desert environments or territories have several abiotic 

restrictions like salinity, lots of harmful radiations, high or 

low temperatures, and other different severe and tough 

conditions. Environmental conditions are theoretically 

harmful to plants proved by Seigler’s experiment [22]. 

These conditions also increase the production of 

phenylpropanoids [23]. The present study is conducted to 

study the effects of different solvents on total antioxidants, 

flavonoids, and tannins. In this experiment plants divided 

into shrubs, trees, and herbs from the Cholistan desert.  

Several studies have shown that phenolic compounds 

varied with solvents polarities. For example, 50% acetone 

for extraction of total phenolics [24] and pure methanol 

was used for the extraction of polyphenols [25] which were 

found to be more effective than water. Flavonoids act as 

protective agents against water deficit stress. The 

flavonoids also protect plants from toxic effects of heavy 

metals [1]. To extract these bioactive secondary 

metabolites different solvents have been used. Solvents 

used for extraction are Chloroform, Ethanol, Methanol, 
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and Acetone. Terpenoids, Flavonoids can be extracted by 

Chloroform, Tannins, Polyphenols, Alkaloids, 

Polyacetylenes, Terpenoids, Sterols can be extracted by 

Ethanol, Anthocyanins, Terpenoids, Saponins, Tannins, 

Xanthoxyllines can be extracted by Methanol and Phenol, 

and Flavanols can be extracted by Acetone.  Maximum 

organic molecules are moderately non-polar and are 

ordinarily soluble in organic solvents (e.g. 

dichloromethane, chloroform, petroleum ether, hexanes, 

diethyl ether, etc.) but not in water which is polar solvents.  

For extraction the solvent type used is significant for both 

classification and quantification of phenolic compounds 

present in plants, attaining uncontaminated compounds for 

their analysis [26]. Several solvents in general used for 

extraction of different phenolic compounds including 

water [27] acetone or ethanol-water water [28, 29].  

Medicinal plants contain some organic compounds such as 

tannins, alkaloids, carbohydrates, terpenoids, steroids, and 

flavonoids which provide definite physiological action on 

the human body [30, 31]. These are synthesized by primary 

or secondary metabolism of plants. Secondary metabolites 

are chemically and taxonomically extremely diverse 

compounds that are widely used in human therapy, 

veterinary, agriculture, scientific research, and many other 

purposes [32]. These phytochemicals have been shown to 

have inhibitory effects on microorganisms in vitro [33]. 

Nutritional antioxidants, as well as polyphenolic 

compounds, vitamins E and C, and carotenoids, are 

thought also to be the active and effective nutrients in the 

avoidance of oxidative stress-related diseases [34, 35]. The 

phenolic content of the plant determines its antioxidant 

activity [36]. The relationship between the number of 

phenolic compounds and antioxidant activity are correlated 

according to some authors while the others found no 

correlation or only a weak relation one as some other 

substances including tocopherols and β-carotene are 

involved in raising the antioxidant status  [37]. 

Therefore, The knowledge of the phytochemicals is 

desirable, not only for their importance as therapeutic 

agents but also because such information may be of value 

in disclosing new sources of economic materials, such as 

oils, tannins, gums and as precursors for the synthesis of 

many complex chemical substances. 
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Table 1: Effect of extraction solvents on total antioxidant activity contents (mg/10g) of plants Cholistan Desert, 

Pakistan. 
 

 
Chloroform Acetone Propanol Acetic acid 

(MEANS) 

(LSD= 36.805) 

Leptadenia 

pyrotechnica 

488.937 ± 60.748 

(h) 

1220.53 ± 60.962 

(d) 

(239.30) 

812.284 ± 51.877 

(f) 

(322.80) 

164.059 ± 4.176 

(i) 

(455.382) 

671.452 ± 410.816 

(c) 

Calligonum 

polygonoides 

931.352 ± 27.092 

(e) 

2148.502 ± 42.125 

(a) 

(700.66) 

624.292 ± 70.818 

(g) 

(864.32) 

134.959 ± 3.234 

(i) 

(916.86) 

959.776± 776.666 

(a) 

(528.51) 

Haloxylon 

stocksii 

0.188 ± 0.010 

(i) 

1376.23 ± 51.381 

(c) 

(-732037.04) 

621.308 ± 65.017 

(g) 

(-330482.79) 

144.203 ± 4.952 

(i) 

(76703.53) 

535.482 ± 562.087 

(d) 

(591.70) 

Salsola 

imbricata 

438.685 ± 33.224 

(h) 

2003.701 ± 56.116 

(b) 

(-18.06) 

698.892 ± 76.135 

(g) 

0.14 

179.487 ± 1.845 

(i) 

(397.77) 

830.191 ± 734. 730 

(b) 

(547.81) 

Calotropis 

procera 

461.348 ± 50.512 

(h) 

613.3 ± 58.403 

(g) 

(328.41) 

888.376 ± 95.720 

(ef) 

(268.78) 

12.9051 ± 5.190 

(i) 

(458.55) 

522.982 ± 291.174 

(d) 

(593.56) 

(MEANS) 

(LSD= 41.150) 

464.102 ± 307.128 

(c) 

1472.752 ± 578.161 

(a) 

(141.703) 

729.030 ± 125.698 

(b) 

(307.01) 

150.323 ± 19.784 

(d) 

(431.71) 

703.977 ± 590.258 

(312.4) 

Means followed by dissimilar letters, are different at p= 0.05 (LSD). 

Values represent mean ± SE; values in parentheses represent %age increase (+)/ decrease (-) over column 1(chloroform). 

 

Table 2: Effect of extraction solvents on total flavonoid contents (mg/10g) of selected plants from  Cholistan Desert, 

Pakistan. 

 Chloroform Acetone Propanol Acetic acid 
(MEANS) 

(LSD= 416.904) 

Leptadenia 

pyrotechnica 

2096.922  ± 2516.120 

(a) 

219.393 ± 2.761 

(b) 

(2086.45) 

111.338 ± 1.794 

(b) 

(2091.61) 

149.81 ± 4.009 

(b) 

(2089.77) 

644.366 ± 1385.622 

(a) 

Calligonum 

polygonoides 

662.559 ± 10.657 

(b) 

295.276 ± 1.777 

(b) 

(617.99) 

350.926 ± 1.740 

(b) 

(609.59) 

77.703  ± 3.264 

(b) 

(650.83) 

346.615 ± 218.388 

(a) 

(590.57) 

Haloxylon 

stocksii 

632.611 ± 26.642 

(b) 

441.130 ± 2.171 

(b) 

223.783 ± 2.224 

(b) 

78.663 ± 2.331 

(b) 

344.047 ± 220.373 

(a) 

(590.97) 

Salsola 

imbricate 

632.611 ± 18.786 

(b) 

420.501 ± 2.022 

(b) 

267.257 ± 1.191 

(b) 

151.036  ± 2.480 

(b) 

367.851 ± 188.467 

(a) 

(587.27) 

Calotropis 

procera 

389.731 ± 224.700 

(b) 

144.363 ± 3.772 

(b) 

271.271 ± 1.449 

(b) 

153.33 ± 1.92 

(b) 

239.674 ± 141.801 

(a) 

(607.17) 

(MEANS) 

(LSD= 466.113) 

882.887 ± 1147.599 

(a) 

304.133 ± 118.126 

(b) 

244.915 ± 81.149 

(b) 

122.108 ± 37.226 

(b) 

388.511  ± 636.349 

(584.07) 

Means followed by dissimilar letters, are different at p= 0.05 (LSD). 

Values represent means ± SE; values in parentheses represent %age increase (+)/ decrease (-) over column 1(chloroform) 
 

Table 3: Effect of extraction solvents on total tannin contents (mg/10g) of selected plants from  Cholistan Desert, 

Pakistan. 

 Chloroform Acetone Propanol Acetic acid 
(MEANS) 

LSD= 13.043 

Leptadenia 

pyrotechnica 

 

90.141 ± 5.938 

(cde) 

127.888 ± 5.938 

(b) 

(-51.734) 

76.853 ± 45.815 

(ef) 

(4.88) 

172.808 ± 55.792 

(a) 

(-101.56) 

116.925 ± 49.782 

(a) 
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Calligonum 

polygonoides 

90.482 ± 7.708 

(cde) 

105.000 ± 5.827 

(bcde) 

(-125.56) 

50.084 ± 0.119 

(f) 

(35.129) 

121.397 ± 25.580 

(b) 

(-43.68) 

91.741 ± 29.957 

(b) 

(38.46) 

Haloxylon 

stocksii 

82.284 ± 4.357 

(de) 

108.075 ± 4.870 

(bcd) 

(-49.05) 

49.952 ± 0.092 

(f) 

(21.57) 

101.072 ± 4.611 

(bcde) 

(-40.54) 

85.346 ± 23.752 

(b) 

(43.93) 

Salsola 

imbricate 

83.48 ± 5.667 

(e) 

107.733 ± 3.074 

(bcd) 

(-45.57) 

49.997 ± 0.095 

(f) 

(23.58) 

119.006 ± 6.148 

(bc) 

(-59.09) 

90.054 ± 27.886 

(b) 

(39.90) 

Calotropis 

procera 

82.796 ±  3.845 

(de) 

108.758 ± 6.148 

(bcd) 

(-48.56) 

50.476 ±0.051 

(f) 

(21.83) 

114.224 ± 4.620 

(bc) 

(-55.16) 

89.063 ± 26.620 

(b) 

(40.75) 

(MEANS) 

LSD= 14.583 

85.837 ± 6.116 

(c) 

111.491 ± 9.684 

(b) 

(-44.04) 

55.474 ± 20.553 

(d) 

(21.20) 

125.701 ± 34.597 

(a) 

(-60.60) 

94.626 ± 33.801 

(35.99) 

Means followed by dissimilar letters, are different at p= 0.05 (LSD). 

Values represent means ± SE; values in parentheses represent %age increase (+)/ decrease (-) over column 1(chloroform). 


